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KG#2&-()&,J"/-",&2(&+,"O

C-$",&2G"&7"#9&")"1C%&#);&2(2#3&/+11")2

KG#2&2%J"&(:&#//"3"1#5()&2(&+,"O
;"2"19-)",&2G"&/(9J3"E-2%@&"l/-")/%@&#);&/(,2&(:&J3#)2

KG#2&2%J"&(:&21#),$"1,"&:(/+,-)C&2(&+,"O

21#),J(12&3-9-2,&;"2"19-)"&2G"&)+97"1&#);&1#;-+,&(:&7"#9,

KG#2&2%J"&(:&:+,-()8/G#97"1&21#),J(12&2(&+,"O
,J#/"8/G#1C"@&")"1C%&,J1"#;@&#);&21#),$"1,"&2"9J"1#2+1"&-9J#-1&7"#9&:(/+,

KG#2&2%J"&(:&:+,-()8/G#97"1&J1(2"/5()&2(&+,"O

/G(-/"&7"2K"")&3-V+-;&#);&,(3-;&;"J");,&()&2G"&2#1C"2&;",-C)&#);&)+97"1&(:&7"#9,

./,-&%(+&/#)&,2#12&;",-C)-)C

!(K&;(&%(+&;",-C)&#)&!'*&J(K"1&J3#)2O



Sharp 1/27/11

2#1C"2,&1#)C"&:1(9&3(K81-,S&o&3(K8C#-)&2(&G-CG81-,S&o&G-CG8C#-)
G-CG"1&C#-)&/#)&"-2G"1&-)/1"#,"&%-"3;&(1&3(K"1&;1-$"1&/(,2

MG#2&2#1C"2&2(&+,"O
46
$&

5$#=

'13'!"*+)3!'("

3'!"*+)3!'("

&6.*7

':1'0.1

#.%,!

3'!"*+)3!'("

-,&+)':1'0.1

3$,%)3"1&'+4

D-;D$k 2"&$k

'A#,*+)-,&+)':1'0.1



Sharp 1/27/11

2#1C"2,&1#)C"&:1(9&3(K81-,S&o&3(K8C#-)&2(&G-CG81-,S&o&G-CG8C#-)
G-CG"1&C#-)&/#)&"-2G"1&-)/1"#,"&%-"3;&(1&3(K"1&;1-$"1&/(,2

MG#2&2#1C"2&2(&+,"O

27

46
$&

5$#=

'13'!"*+)3!'("

3'!"*+)3!'("

&6.*7

':1'0.1

#.%,!

3'!"*+)3!'("

-,&+)':1'0.1

3$,%)3"1&'+4

D-;D$k 2"&$k

'A#,*+)-,&+)':1'0.1

~)DEZ)#"!&.1=4",!&).-)"Y.!+



Sharp 1/27/11

,"$"1#3&-);-1"/28;1-$"&;",-C),&K"1"&;"$"3(J";&-)&2G"&<==W,
2K(&")"1C-",&#1"&)"";";&2(&/(9J"),#2"&:(1&1#)C"8,G(12")-)C&K-2G&G"#5)C

7"#9,&#1"&#-9";&#1(+);&#)&#))+3+,&()&"#/G&");&2(&C-$"&)"";";&,%99"21%

"#13%&>8XF&$"1,-()&G#;&#&C#-)&(:&>W&

.(&KG#2&K(+3;&#&!'*&2#1C"2&3((S&3-S"O

cF2".#9F"6K2#0d$7N)$3'*;#3$
$Q*"E$C$/$J'22'D'(9L-22#*$'(0$L$S'B'+U$?D1._$?2'.E'.$!$\VXXX]

c0-.3*-B63#09*'0-'3"*d$7N)$3'*;#3$
$Q*"E$L$S'B'+$'(0$C$/$J'22'D'(9L-22#*U$?D1._$?2'.E'.$"$\[YYj]

/+11")2&K(1S&-,&-)$",5C#5)C&#;$#)/";&;-1"/28;1-$"&/()/"J2,&

,9#33"1&ZLZ8XF&$"1,-()&G#;&#&C#-)&(:&<ZW
&,A")&*,%"



Sharp 1/27/11

!(K&;(&%(+&;",-C)&#)&!'*&J(K"1&J3#)2O

9#)%&-)2"11"3#2";&V+",5(),&9+,2&7"&#),K"1";&T1,2
KG#2&2#1C"2&2(&+,"O
C-$",&2G"&2(2#3&")"1C%@&7"#9&,J(2&,-n"@&,%99"21%&1"V+-1"9")2,

KG#2&-()&,J"/-",&2(&+,"O

C-$",&2G"&7"#9&")"1C%&#);&2(2#3&/+11")2

KG#2&2%J"&(:&#//"3"1#5()&2(&+,"O
;"2"19-)",&2G"&/(9J3"E-2%@&"l/-")/%@&#);&/(,2&(:&J3#)2

KG#2&2%J"&(:&21#),$"1,"&:(/+,-)C&2(&+,"O

21#),J(12&3-9-2,&;"2"19-)"&2G"&)+97"1&#);&1#;-+,&(:&7"#9,

KG#2&2%J"&(:&:+,-()8/G#97"1&21#),J(12&2(&+,"O
,J#/"8/G#1C"@&")"1C%&,J1"#;@&#);&21#),$"1,"&2"9J"1#2+1"&-9J#-1&7"#9&:(/+,

KG#2&2%J"&(:&:+,-()8/G#97"1&J1(2"/5()&2(&+,"O

/G(-/"&7"2K"")&3-V+-;&#);&,(3-;&;"J");,&()&2G"&2#1C"2&;",-C)&#);&)+97"1&(:&7"#9,

./,-&%(+&/#)&,2#12&;",-C)-)C



Sharp 1/27/11

C(-)C&;(K)&-)&-()&9#,,&;"/1"#,",&")"1C%&7+2&-)/1"#,",&/+11")2&(1&)+97"1&(:&7"#9,
:(1&-);-1"/2&;1-$"
&&&&&&^)+97"1&(:&7"#9,`&`&^/+11")2`&`&^;"J(,-5()&59"`&`$^"mbvz2`&p&<8<W&XF

MG#2&-()&,J"/-",&2(&+,"O



Sharp 1/27/11

C(-)C&;(K)&-)&-()&9#,,&;"/1"#,",&")"1C%&7+2&-)/1"#,",&/+11")2&(1&)+97"1&(:&7"#9,
:(1&-);-1"/2&;1-$"
&&&&&&^)+97"1&(:&7"#9,`&`&^/+11")2`&`&^;"J(,-5()&59"`&`$^"mbvz2`&p&<8<W&XF

MG#2&-()&,J"/-",&2(&+,"O

31



Sharp 1/27/11

C(-)C&;(K)&-)&-()&9#,,&;"/1"#,",&")"1C%&7+2&-)/1"#,",&/+11")2&(1&)+97"1&(:&7"#9,
:(1&-);-1"/2&;1-$"
&&&&&&^)+97"1&(:&7"#9,`&`&^/+11")2`&`&^;"J(,-5()&59"`&`$^"mbvz2`&p&<8<W&XF

MG#2&-()&,J"/-",&2(&+,"O

32

HEE)7@)+.+,%

-.!)[=\"B)]<



Sharp 1/27/11

!(K&;(&%(+&;",-C)&#)&!'*&J(K"1&J3#)2O

9#)%&-)2"11"3#2";&V+",5(),&9+,2&7"&#),K"1";&T1,2
KG#2&2#1C"2&2(&+,"O
C-$",&2G"&2(2#3&")"1C%@&7"#9&,J(2&,-n"@&,%99"21%&1"V+-1"9")2,

KG#2&-()&,J"/-",&2(&+,"O

C-$",&2G"&7"#9&")"1C%&#);&2(2#3&/+11")2

KG#2&2%J"&(:&#//"3"1#5()&2(&+,"O
;"2"19-)",&2G"&/(9J3"E-2%@&"l/-")/%@&#);&/(,2&(:&J3#)2

KG#2&2%J"&(:&21#),$"1,"&:(/+,-)C&2(&+,"O

21#),J(12&3-9-2,&;"2"19-)"&2G"&)+97"1&#);&1#;-+,&(:&7"#9,

KG#2&2%J"&(:&:+,-()8/G#97"1&21#),J(12&2(&+,"O
,J#/"8/G#1C"@&")"1C%&,J1"#;@&#);&21#),$"1,"&2"9J"1#2+1"&-9J#-1&7"#9&:(/+,

KG#2&2%J"&(:&:+,-()8/G#97"1&J1(2"/5()&2(&+,"O

/G(-/"&7"2K"")&3-V+-;&#);&,(3-;&;"J");,&()&2G"&2#1C"2&;",-C)&#);&)+97"1&(:&7"#9,

./,-&%(+&/#)&,2#12&;",-C)-)C



Sharp 1/27/11

9(,2&#//"3"1#2(1,&#1"&1#;-(8:1"V+")/%&^1:`&;"$-/",
1:&#//"3"1#2(1,&/#)&G#$"&C1#;-")2,&+J&2(&<WW&X"0o9
7+2

/+11")2&-,&2%J-/#33%&3-9-2";&2(&3",,&2G#)&YWW&9D

7"#9,&/#))(2&7"&,G(12")";&;+1-)C&#//"3"1#5()

1:&;1-$"1,&)"";&7"#9&,2(1#C"&#);&,2#/S-)C

MG#2&S-);&(:&#//"3"1#2(1&2(&+,"O

-);+/5()&#//"3"1#2(1,&#1"&#)&#q1#/5$"&#32"1)#5$"
/+11")2,&+J&2(&<W&SD&G#$"&7"")&;"9(),21#2";

7"#9,&/#)&/(9J1",,";&;+1-)C&#//"3"1#5()

#7,")/"&(:&1",()#)2&,21+/2+1",&-9J1($",&,2#7-3-2%

7+2

#//"3"1#5()&C1#;-")2&2%J-/#33%&#$"1#C",&<&X"0o9

,%99"21%&()&2#1C"2&;"9#);,&#2&3"#,2&<WW&7"#9,

>?@*;%A(:)

BCD?E



Sharp 1/27/11

!(K&;(",&#)&1:&#//"3"1#2(1&K(1SO

#33&2%J",&(:&1:&#//"3"1#2(1,&,G#1"&#&,-9J3"&;",-C)&/()/"J2&
2+)";&/#$-5",&#1"&T33";&K-2G&1:&&T"3;,

7"#9,&,""&()3%&#//"3"1#5)C&JG#,"&(:&(,/-33#5)C&"3"/21-/&T"3;

/#$-2%&T"3;&J1(T3"&J1($-;",&#+2(9#5/&/()21(3&(:&7"#9&");,

9#h(1&3-9-2#5()&-,&3(K&/+11")2
/+11")2&9+,2&7"&#//+9+3#2";&:(1&\&9,&2(&J1($-;"&")"1C%&:(1&-);-1"/28;1-$"&2#1C"2

$#1-(+,&,2#/S-)C&,/G"9",&G#$"&7"")&J1(J(,";&2(&#/G-"$"&\&`&<WF&/(9J1",,-()

Q*"E$J"*(#22$H-2."($<'B"*'3"*1$>-0#"$E'3#*-'2$



Sharp 1/27/11

#)&-);+/5()&/"33&K(1S,&3-S"&#&21#),:(19"1
7"#9&#/2,&#,&#&d,-)C3"82+1)e&,"/();#1%

/G#)C-)C&k+E&-)&2G"&:"11-2"&/(1"&-);+/",&#)&"3"/21-/&T"3;&Ez&#3()C&2G"&#E-,
#JJ3-";&$(32#C"&K#$":(19&;"2"19-)",&1#2"&(:&k+E&/G#)C"&-)&2G"&/(1"&#);&G")/"&Ez(t)

!(K&;(",&#)&-);+/5()&#//"3"1#2(1&K(1SO

beam

induced
electric 
!eld E

applied 
voltage V

ferromagnetic
core Bθ



Sharp 1/27/11

MG#2&#1"&,(9"&J(,,-73"&3#%(+2,&:(1&#&!'*&;1-$"1O

9+35J3"&1:&3-)#/,



Sharp 1/27/11

MG#2&#1"&,(9"&J(,,-73"&3#%(+2,&:(1&#&!'*&;1-$"1O

1:&,%)/G1(21()



Sharp 1/27/11

MG#2&#1"&,(9"&J(,,-73"&3#%(+2,&:(1&#&!'*&;1-$"1O

,-)C3"&1:&3-)#/&J3+,&,2#/S-)C&1-)C,



Sharp 1/27/11

MG#2&#1"&,(9"&J(,,-73"&3#%(+2,&:(1&#&!'*&;1-$"1O

9+35J3"87"#9&-);+/5()&3-)#/



Sharp 1/27/11

MG#2&#1"&,(9"&J(,,-73"&3#%(+2,&:(1&#&!'*&;1-$"1O

9+35J3"87"#9&-);+/5()&3-)#/&K-2G&9"1C-)C



Sharp 1/27/11

MG#2&#1"&,(9"&J(,,-73"&3#%(+2,&:(1&#&!'*&;1-$"1O

-);+/5()&d1"/-1/+3#2(1e



Sharp 1/27/11

7(2G&1:&#);&-);+/5()&#//"3"1#2(1,&G#$"&,21")C2G,&#);&K"#S)",,",
1:&#//"3"1#2(1,&(r"1&C1"#2"1&:#9-3-#1-2%&#);&G-CG"1&C1#;-")2,&

-);+/5()&#//"3"1#2(1,&(r"1&,-9J3-/-2%&#);&G-CG"1&/+11")2&

.(&G(K&;(&K"&/G((,"O

!'*&J1(C1#9,&-)&Q+1(J"&#);&F#J#)&:#$(1&1:&#//"3"1#2(1,

[.&!'*&J1(C1#9&J1":"1,&-);+/5()&;1-$"1,

'0'K3#0$Q*"E$=_$/38#(-$-($-./0%&0'#1'2)*34*/'5.!,6+7'8#(0$\?2#(6EU$[YYi]



Sharp 1/27/11

9#)%&-)2"11"3#2";&V+",5(),&9+,2&7"&#),K"1";&T1,2
KG#2&2#1C"2&2(&+,"O
C-$",&2G"&2(2#3&")"1C%@&7"#9&,J(2&,-n"@&,%99"21%&1"V+-1"9")2,

KG#2&-()&,J"/-",&2(&+,"O

C-$",&2G"&7"#9&")"1C%&#);&2(2#3&/+11")2

KG#2&2%J"&(:&#//"3"1#5()&2(&+,"O
;"2"19-)",&2G"&/(9J3"E-2%@&"l/-")/%@&#);&/(,2&(:&J3#)2

KG#2&2%J"&(:&21#),$"1,"&:(/+,-)C&2(&+,"O

21#),J(12&3-9-2,&;"2"19-)"&2G"&)+97"1&#);&1#;-+,&(:&7"#9,

KG#2&2%J"&(:&:+,-()8/G#97"1&21#),J(12&2(&+,"O
,J#/"8/G#1C"@&")"1C%&,J1"#;@&#);&21#),$"1,"&2"9J"1#2+1"&-9J#-1&7"#9&:(/+,

KG#2&2%J"&(:&:+,-()8/G#97"1&J1(2"/5()&2(&+,"O

/G(-/"&7"2K"")&3-V+-;&#);&,(3-;&;"J");,&()&2G"&2#1C"2&;",-C)&#);&)+97"1&(:&7"#9,

./,-&%(+&/#)&,2#12&;",-C)-)C

!(K&;(&%(+&;",-C)&#)&!'*&J(K"1&J3#)2O



Sharp 1/27/11

V+#;1+J(3",&,V+""n"&2G"&7"#9&#32"1)#2"3%&-)&2G"&2K(&21#),$"1,"&;-1"/5(),
/#)&+,"&"3"/21-/&(1&9#C)"5/&T"3;,

"3"/21-/&V+#;,&K(1S&7",2&#2&3(K&7"#9&$"3(/-2%L&9#C)"5/&V+#;,@&#2&G-CG&$"3(/-2%L

!(K&;(",&V+#;1+J(3"&:(/+,-)C&K(1SO

'23#*('a(;9;*'0-#(3$Q"F6.-(;

"%"*+!'*)X$,3!$#.%" A,:1"0*)X$,3!$#.%"

#.&'0(")<",A)A.('1:)+.5,!3)('"5"!

<",A)&%'*")&6.51)'1)-.$!)&$**"&&'(")X$,3!$#.%"&



Sharp 1/27/11

9#)%&-)2"11"3#2";&V+",5(),&9+,2&7"&#),K"1";&T1,2
KG#2&2#1C"2&2(&+,"O
C-$",&2G"&2(2#3&")"1C%@&7"#9&,J(2&,-n"@&,%99"21%&1"V+-1"9")2,

KG#2&-()&,J"/-",&2(&+,"O

C-$",&2G"&7"#9&")"1C%&#);&2(2#3&/+11")2

KG#2&2%J"&(:&#//"3"1#5()&2(&+,"O
;"2"19-)",&2G"&/(9J3"E-2%@&"l/-")/%@&#);&/(,2&(:&J3#)2

KG#2&2%J"&(:&21#),$"1,"&:(/+,-)C&2(&+,"O

21#),J(12&3-9-2,&;"2"19-)"&2G"&)+97"1&#);&1#;-+,&(:&7"#9,

KG#2&2%J"&(:&:+,-()8/G#97"1&21#),J(12&2(&+,"O
,J#/"8/G#1C"@&")"1C%&,J1"#;@&#);&21#),$"1,"&2"9J"1#2+1"&-9J#-1&7"#9&:(/+,

KG#2&2%J"&(:&:+,-()8/G#97"1&J1(2"/5()&2(&+,"O

/G(-/"&7"2K"")&3-V+-;&#);&,(3-;&;"J");,&()&2G"&2#1C"2&;",-C)&#);&)+97"1&(:&7"#9,

./,-&%(+&/#)&,2#12&;",-C)-)C

!(K&;(&%(+&;",-C)&#)&!'*&J(K"1&J3#)2O



Sharp 1/27/11

I1-i8/(9J1",,-()&-,&+,";&2(&,G(12")&#)&-()&7+)/G

-);+/5()&/"33,&-9J#12&#&G"#;82(82#-3&$"3(/-2%&C1#;-")2&^d532e`&2(&2G"&7"#9
2G"&7"#9&,G(12"),&#,&-2&d;1-i,e&;(K)&2G"&7"#9&3-)"

-)&)"+21#3-n";&;1-i8/(9J1",,-()@&,J#/"&/G#1C"&-,&"3-9-)#2";@&1",+35)C&-)&#&,G(12"1&J+3,"&
7+2&#&3#1C"1&$"3(/-2%&,J1"#;

K-2G(+2&)"+21#3-n#5()@&,J#/"&/G#1C"&(JJ(,",&/(9J1",,-()@&3"#;-)C&2(&#&)"#13%&9()(8
")"1C"5/&/(9J1",,";&J+3,"



Sharp 1/27/11

I1-i8/(9J1",,-()&-,&+,";&2(&,G(12")&#)&-()&7+)/G

-);+/5()&/"33,&-9J#12&#&G"#;82(82#-3&$"3(/-2%&C1#;-")2&^d532e`&2(&2G"&7"#9
2G"&7"#9&,G(12"),&#,&-2&d;1-i,e&;(K)&2G"&7"#9&3-)"

-)&)"+21#3-n";&;1-i8/(9J1",,-()@&,J#/"&/G#1C"&-,&"3-9-)#2";@&1",+35)C&-)&#&,G(12"1&J+3,"&
7+2&#&3#1C"1&$"3(/-2%&,J1"#;

48

K-2G(+2&)"+21#3-n#5()@&,J#/"&/G#1C"&(JJ(,",&/(9J1",,-()@&3"#;-)C&2(&#&)"#13%&9()(8
")"1C"5/&/(9J1",,";&J+3,"



Sharp 1/27/11

I1-i8/(9J1",,-()&-,&+,";&2(&,G(12")&#)&-()&7+)/G

-);+/5()&/"33,&-9J#12&#&G"#;82(82#-3&$"3(/-2%&C1#;-")2&^d532e`&2(&2G"&7"#9
2G"&7"#9&,G(12"),&#,&-2&d;1-i,e&;(K)&2G"&7"#9&3-)"

-)&)"+21#3-n";&;1-i8/(9J1",,-()@&,J#/"&/G#1C"&-,&"3-9-)#2";@&1",+35)C&-)&#&,G(12"1&J+3,"&
7+2&#&3#1C"1&$"3(/-2%&,J1"#;

49

K-2G(+2&)"+21#3-n#5()@&,J#/"&/G#1C"&(JJ(,",&/(9J1",,-()@&3"#;-)C&2(&#&)"#13%&9()(8
")"1C"5/&/(9J1",,";&J+3,"



Sharp 1/27/11

!(K&;(",&)"+21#3-n";&/(9J1",,-()&K(1SO

7"#9&,J#/"&/G#1C"&/#)&7"&)"+21#3-n";&7%&#&,+l/-")23%&;"),"&J3#,9#
J3#,9#&;"),-2%&,G(+3;&7"&Z8<W&59",&7"#9&;"),-2%

)"+21#3-n";&7"#9&;1#C,&"3"/21(),&K-2G&-)&-)2(&2G"&/G#97"1

#;;-5()#3&)"+21#3-n#5()&-,&J1($-;";&7%&JG(2(-()-n#5()&J3#,9#&#1(+);&G(2&2#1C"2

-)/1"#,";&7"#9&/G#1C"&,2#2"&:1(9&/(33-,-()#3&&#);&JG(2(&,21-JJ-)C&G#,&9-)(1&"r"/2&



Sharp 1/27/11

9#)%&-)2"11"3#2";&V+",5(),&9+,2&7"&#),K"1";&T1,2
KG#2&2#1C"2&2(&+,"O
C-$",&2G"&2(2#3&")"1C%@&7"#9&,J(2&,-n"@&,%99"21%&1"V+-1"9")2,

KG#2&-()&,J"/-",&2(&+,"O

C-$",&2G"&7"#9&")"1C%&#);&2(2#3&/+11")2

KG#2&2%J"&(:&#//"3"1#5()&2(&+,"O
;"2"19-)",&2G"&/(9J3"E-2%@&"l/-")/%@&#);&/(,2&(:&J3#)2

KG#2&2%J"&(:&21#),$"1,"&:(/+,-)C&2(&+,"O

21#),J(12&3-9-2,&;"2"19-)"&2G"&)+97"1&#);&1#;-+,&(:&7"#9,

KG#2&2%J"&(:&:+,-()8/G#97"1&21#),J(12&2(&+,"O
,J#/"8/G#1C"@&")"1C%&,J1"#;@&#);&21#),$"1,"&2"9J"1#2+1"&-9J#-1&7"#9&:(/+,

KG#2&2%J"&(:&:+,-()8/G#97"1&J1(2"/5()&2(&+,"O

/G(-/"&7"2K"")&3-V+-;&#);&,(3-;&;"J");,&()&2G"&2#1C"2&;",-C)&#);&)+97"1&(:&7"#9,

./,-&%(+&/#)&,2#12&;",-C)-)C

!(K&;(&%(+&;",-C)&#)&!'*&J(K"1&J3#)2O



Sharp 1/27/11

/+12#-),&(:&)"+21()-/#33%&2G-/S&3-V+-;&^6-@&6-A7@&6-!?"*0*`&,+11(+);&2G"&:+,-()&2#1C"2
/#$-5",&#1"&:(19";&7%&(,/-33#5)C&3-V+-;&/+12#-),

2#1C"2,&#1"&-)h"/2";&-)2(&/#$-5",

/#$-2%&");,&#1"&J1(2"/2";&7%&/1-,,/1(,,";&3-V+-;&h"2,

-()&7"#9,&")2"1&/#$-5",&2G1(+CG&G(3",&7"2K"")&h"2,

3-V+-;&/#11-",&G"#2&2(&C")"1#2(1

3-2G-+9&-)&3-V+-;&71"";,&21-5+9&:(1&2#1C"2,

21-5+9&#);&;"71-,&#1"&1"9($";&:1(9&k+-;

#JJ1(#/G&K#,&-)21(;+/";&-)&<==>&!s6'*Q8''&,2+;%

!(K&;(",&#&2G-/S83-V+-;&K#33&K(1SO

Q*"E$A$H$L"-*U$)6.-"($4(;_$C#.-;($#$%##&'Yb$\[YYW]



Sharp 1/27/11

6-V+-;&*6-?"&K#33,&G#$"&7"")&,2+;-";&-)&,/#3";&"EJ"1-9")2,

[_?&C1(+J&9(;"3";&!s6'*Q8''&K#33,&K-2G&G%;1(;%)#9-/#33%&"V+-$#3")2&K#2"1&h"2,
k(K&/();-5(),&#JJ1(#/G&/(11"/2&H"%)(3;,&#);&M"7"1&)+97"1,&(:&9(32")&*6-?"

h"2,@&/+12#-),@&#);&$(15/",&G#$"&#33&7"")&,2+;-";&"EJ"1-9")2#33%

.&*'%%,01:)*$!+,'1&

-.!A)#.*7"+)-.!)+,!:"+

*!'&&*!.&&"3)*4%'13!'*,%

;"+&)-.!A)<",A)#.!+&

(.!0*"&)&6'"%3

<",A)%'1"&

<(8G6H6I*7$)H*%'*
?J>KLMGKK*:$N($A*H6::#



Sharp 1/27/11

!"#$%&'()&*+,-()&./-")/"&0-12+#3&4#5()#3&6#7(1#2(1%

P+23-)"

9(5$#5()

#&:+,-()&J1-9"1

",,")5#3,&(:&G"#$%8-()&:+,-()

J#,2&#);&J1",")2&!'*&1","#1/G

:+2+1"&1","#1/G&;-1"/5(),



Sharp 1/27/11

&#15,2N,&/()/"J5()&:1(9&2G"&<=fW,

*#)/-:+3&J-/2+1"&(:&#)&!'*&J(K"1&J3#)2LLL



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

~)2G/*O)P
~ 2*CQR)6;**S**~ 2TT*R)6;#
~ !T*U#

~)2G2T*V)P
~ !TT*CQR)6;
~ 2TT*&#

~)2G2T*V)P
~ !TTT*CQR)6;
~ 2T*&#

H=[)7A

7"#9&JG%,-/,&-,&;(9-)#2";&7%&,J#/"&/G#1C"

J"1$"#)/"&~&<WG08<WG/&&&&&&&2+)"&;"J1",,-()&~&totT*u&WL<



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

9(,2&;1-$"1&:+)/5(),&G#$"&7"")&-)$",5C#2";

,"J#1#2"3%&-)&,/#3";&"EJ"1-9")2,



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

!GO)P*$&W)<8%5*X2330Y
#!.3$*"3)%.5="A'/,1*")

3!'("!=&*,%")<",A



Sharp 1/27/11

"&+,<%'&6"3),/!,*0(")&*,%'1:

.-)+!,1&#.!+,<%")*$!!"1+

+6!.$:6)^_)"%"*+!.&+,0*)X$,3&

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

#$&4:)GR)6;*856&#Z%58*
)SZ)5$;)&8*X231TG231+Y



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

;(:9Z:)GR)6;*)SZ)5$;)&8*
O[MG0*X231FG2332Y

,**"%"!,+"3),13)*.A#!"&&"3)

-.$!=<",A&)5'+6)"%"*+!.&+,0*

-.*$&'1:



Sharp 1/27/11

R)6;*<%;R$&)5*X233+Y

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

A"!:"3)-.$!)<",A&)5'+6)

A'1'A,%)"A'/,1*"):!.5+6



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

\$4\G<(55)&8*)SZ)5$;)&8**?@]
X!TT!G!TTFY

M^_*$&W)<8%5

2T*):)<85%#869<*
N(6A#

0*;64&)9<*
N(6A#

A$64&%#9<# "%"*+!.&+,0*),13)A,:1"0*

+!,1&#.!+).-)3!'("!=&*,%")<",A

G%%'1:)%,!:")-!,*0.1).-),#"!+$!"



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

#<6:)A*"&6:*'%<(#
)SZ)5$;)&8*X2333G!TT2Y

!"#%'*,+"3)#64&'*&).-)`aSJP>=JJ)

-.*$&).1)!"3$*"3)&*,%"



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

`)(856:$a)A*B5$bG@%;Z5)##$%&
MSZ)5$;)&8*`B@]GK*X!TTFGZ5)#)&8Y

-(O#F3"*
B6(FD-(;$
E"062#

0*-M9
F"EK*#..-"($2-(#

g('29Q"F6.$
."2#("-0

3'*;#3$
FD'EB#*

3"A.1&+!,+"3)1"$+!,%'b"3

3!'c)*.A#!"&&'.1)5'+6)*$!!"1+)

,13))#.5"!),A#%'G*,0.1

!.$01"%4),<.(")F[E



Sharp 1/27/11

./G"9#5/&J-/2+1"&(:&#&-);+/5()83-)#/&;1-$"1

`)(856:$a)A*B5$bG@%;Z5)##$%&
MSZ)5$;)&8*`B@]GK*X!TTFGZ5)#)&8Y

-(O#F3"*
B6(FD-(;$
E"062#

0*-M9
F"EK*#..-"($2-(#

g('29Q"F6.$
."2#("-0

3'*;#3$
FD'EB#*



Sharp 1/27/11

bG"&4I_v8''&J1(h"/2&-,&K"33&+);"1K#%

IPQ&*+,-()&Q)"1C%&./-")/",&(l/"&#JJ1($";&4I_v8''&-)&YWW=L
w<<&X&:+);-)C&K#,&J1($-;";&$-#&2G"&D9"1-/#)&H"/($"1%&#);&H"-)$",29")2&D/2&

/(),21+/5()&(:&2G"&-)-5#3&/()TC+1#5()&7"C#)&-)&F+3%&YWW=

J1(h"/2&/(9J3"5()&-,&;+"&7%&X#1/G&YW<Y

/(99-,,-()-)C&9-CG2&7"C-)&-)&:#33&YW<<

!QIA&2#1C"2&"EJ"1-9")2,&K-33&:(33(K



Sharp 1/27/11

&6646&;()#2";&aW&-);+/5()&/"33,&:1(9&2G"&DbD&"3"/21()&#//"3"1#2(1

:"11-2"&/(1",&"#/G&J1($-;"&<L\&E&<WG!&0(328,"/();,
?3+93"-)&$(32#C"&,(+1/",&(r"1&YWW8YaW&S0&K-2G&*M!X&;+1#5()&(:&cW&),

&4I_v8''&)"";,&/+,2(9&$(32#C"&,(+1/",&u&<WW&S0&#2&3(K&")"1C%
&-()&7"#9&1"V+-1",&,21()C"1&^Zb`&J+3,";&,(3")(-;,&#);&(2G"1&/"33&9(;-T/#5(),

Text
CA76&<)A*E)#8*C<<):)568%5*XCECY



Sharp 1/27/11

<Y8/"33&4I_v8''&7#,"3-)"&3#%(+2

CEC*$&A(<9%&*<)::#*
H$8\*Z(:#)A*

!cF*E*#%:)&%$A#

>$(*$%&*
$&W)<8%5

`B@]GKK*"&6:G'%<(#*
#%:)&%$A*6&A*8654)8*

<\6;R)5

&)(856:$a)A*A5$bG
<%;Z5)##$%&*:$&)*H$8\*

Z:6#;6*#%(5<)#

CEC*[:(;:)$&*
7%:864)*#%(5<)#

%$:G"::)A*CEC*
856&#;$##$%&*:$&)#

:%&4GZ(:#)*
7%:864)*#%(5<)#



Sharp 1/27/11

<Y8/"33&4I_v8''&7#,"3-)"&3#%(+2

CEC*$&A(<9%&*<)::#*
H$8\*Z(:#)A*

!cF*E*#%:)&%$A#

>$(*$%&*
$&W)<8%5

`B@]GKK*"&6:G'%<(#*
#%:)&%$A*6&A*8654)8*

<\6;R)5

&)(856:$a)A*A5$bG
<%;Z5)##$%&*:$&)*H$8\*

Z:6#;6*#%(5<)#

CEC*[:(;:)$&*
7%:864)*#%(5<)#

%$:G"::)A*CEC*
856&#;$##$%&*:$&)#

:%&4GZ(:#)*
7%:864)*#%(5<)#

DH),*0(")*"%%&



Sharp 1/27/11

<Y8/"33&4I_v8''&7#,"3-)"&3#%(+2

CEC*$&A(<9%&*<)::#*
H$8\*Z(:#)A*

!cF*E*#%:)&%$A#

>$(*$%&*
$&W)<8%5

`B@]GKK*"&6:G'%<(#*
#%:)&%$A*6&A*8654)8*

<\6;R)5

&)(856:$a)A*A5$bG
<%;Z5)##$%&*:$&)*H$8\*

Z:6#;6*#%(5<)#

CEC*[:(;:)$&*
7%:864)*#%(5<)#

%$:G"::)A*CEC*
856&#;$##$%&*:$&)#

:%&4GZ(:#)*
7%:864)*#%(5<)#

))Q)'1,*0(")*"%%&



Sharp 1/27/11

<Y8/"33&4I_v8''&7#,"3-)"&3#%(+2

CEC*$&A(<9%&*<)::#*
H$8\*Z(:#)A*

!cF*E*#%:)&%$A#

>$(*$%&*
$&W)<8%5

`B@]GKK*"&6:G'%<(#*
#%:)&%$A*6&A*8654)8*

<\6;R)5

&)(856:$a)A*A5$bG
<%;Z5)##$%&*:$&)*H$8\*

Z:6#;6*#%(5<)#

CEC*[:(;:)$&*
7%:864)*#%(5<)#

%$:G"::)A*CEC*
856&#;$##$%&*:$&)#

:%&4GZ(:#)*
7%:864)*#%(5<)#

))_)3',:1.&0*)*"%%&



Sharp 1/27/11

:"11("3"/21-/&J3#,9#&,(+1/"

0#>#2"K#0$B1$4$?$I-2."($'3$$???<

4I_v8''&J3#,9#&,(+1/",&K-33&7"&7#,";&()&4I_v8'&;",-C)

/#2G(;-/8#1/
J3#,9#&,(+1/"



Sharp 1/27/11

4I_v8''&K-33&")#73"&MIX&"EJ"1-9")2,&)"#1&2G"&7(-3-)C&J(-)2&(:&9#)%&9"2#3,

'.1)<",A)<$1*6

"F'01:)<",A)

,(,'%,<%")-.!)

A",&$!"A"1+

-.'%)+,!:"+
,)$&"!)-,*'%'+4)-.!)

)))5,!A)3"1&")A,/"!)

)))'1+"1&"=<",A)341,A'*&

)))'.1)3'!"*+)3!'("

RWNd=JJ



Sharp 1/27/11

-()&7"#9,&#1"&/(9J3"9")2#1%&2(&3#,"1&G"#5)C

:"#2+1",
/3#,,-/#3&")"1C%&;"J(,-5()&K-2G(+2&E81#%,&#);&"3"/21()&J1"G"#2

$(3+9"&;"J(,-5()&1#2G"1&2G#)&,+1:#/"&G"#5)C&x&3#1C"&G"#2";&$(3+9"

J(,,-7-3-2%&(:&+)-:(19&;"J(,-5()&2(&#&:"K&J"1/")2&

J1"/-,"3%&/()21(33";&7"#9&J#1#9"2"1,

G-CG&1"J"55()&1#2"&x&G-CG&;#2#&1#2"

MG%&+,"&-(),&2(&/1"#2"&G-CG&")"1C%&;"),-2%O

#"1"+!,0.1)3"#+6

!"
%,
0
(
"
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1
"
!:
4
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.
&
&
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dE
/d
z

e!,::)#",7

-"5)fA

-"5)AA



Sharp 1/27/11

I1-i8/(9J1",,-()&-,&+,";&2K-/"&-)&4I_v8''

&&&-)-5#3&)()8)"+21#3&;1-i8/(9J1",,-()&:(1
(J59+9&+,"&(:&-);+/5()8/(1"&0(328,"/();,

"#13%&+,"&(:&cW8),&YaW8S0&?3+93"-)&J(K"1&,+JJ3-",&:1(9&DbD&&

.## /_$)*-#0E'(U$+"'!*9U$-./09'-*!0$!0$2,U$XiWlXh$\VX[X] 

-(O#F3
'KK21$
a23

0*-M 'FF#2#*'3#
'KK21$
a23

(#63*'2-8#0$
0*-M

3'*;#3

&T)#3&)"+21#3-n";&;1-i8/(9J1",,-()&2(&2G"&2#1C"2
J3#,9#&"3"/21(),&9($"&2(&/#)/"3&2G"&7"#9&
"3"/21-/&T"3;
1"V+-1", nplasma > nbeam :(1&2G-,&2(&K(1S&K"33



Sharp 1/27/11

3(2,&#);&3(2,&(:&,-9+3#5()
D.A&-,&#&)"K@&:#,2&<8I&(z)&J#15/3"8-)8/"33&/(;"&2(&;"$"3(J&
#//"3"1#5()&,/G";+3",
<8I&A(-,,()&,(3$"1&K-2G&#)&#JJ1(E-9#2"&21#),$"1,"&;"1-$#5$"

1"#3-,5/&z&J1(T3"&()&#//"3"1#5()8C#J&T"3;,
9#)%&(J59-n#5()&(J5(),&

M#1J&-,&(+1&:+338JG%,-/,&,-9+3#5()&/(;"

<@&Y@&#);&Z8I&Q.&#);&QX&T"3;&,(3$"1,

T1,28J1-)/-J3",&#);&#JJ1(E-9#2"&9(;"3,&(:&3#y/"&"3"9")2,

,J#/"8/G#1C"83-9-2";&#);&/+11")283-9-2";&-)h"/5()

/+28/"33&7(+);#1-",&:(1&-)2"1)#3&/();+/2(1,&-)&Q.&,(3$"1

D;#J5$"&X",G&H"T)"9")2&^DXH`&-)&Q.&#);&QX&T"3;&,(3$"1,

3#1C"&#t&#3C(1-2G9,&^-9J3-/-2&"3"/21(,2#5/@&3#1C"&$c#t`
"9-,,-()@&-()-n#5()@&,"/();#1-",@&_(+3(97&/(33-,-(),LLL

J#1#33"3&J1(/",,-)C&K-2G&<@&Y&#);&Z8I&;(9#-)&;"/(9J(,-5()

#);&3(#;,&9(1"LLL

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

76



Sharp 1/27/11

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

X

[X$FE

hX;9[V

#`3*'F3"*
[[l$+G

#E-m#*
[bX$+G

'FF#2
VX$+G

,"/();@&F'**1$"63$'$aE#90#K#(0#(3$r-z$
.-E62'a"($Q*"E$3D#$."6*F#$&-3D$H'*K

[$E/fFEV$<-n$-"($."6*F#

8$\E]

B)L7BM

[E

DEE

E

E D

DE

E

*$
\E

]

T1,2U$6.#$H'*K$.3#'019o"&$c;6(d$
E"0#$3"$0#.-;($3D#$-(O#F3"*$Q"*$'$
(#'*21$2'E-('*$o"&



Sharp 1/27/11

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

78

perveance beam length
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8\
*X;

Y

<)&8)5*%'*;6##*a*Z%#$9%&*X;Y

2G-1;U$-3#*'3#$&-3D$/=?$3"$g(0$'($'FF#2#*'a"($.FD#062#$3D'3$0#2->#*.$'$B#'E$&-3D$
'($'FF#K3'B2#$g('2$KD'.#9.K'F#$0-.3*-B6a"($

neutral
- maximum
- average

<)&8)5*%'*;6##*a*Z%#$9%&*X;Y



Sharp 1/27/11

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

$))'*+',-./01'
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,3<.0251':9'2=4.>?@2
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>#*-Q1$&-3D$aE#90#K#(0#(3$r-z$.-E62'a"(



Sharp 1/27/11

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

hX;_XXV9[V
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Sharp 1/27/11

Z8I&M#1J&1+)&(:&<Y8/"33&7#,"3-)"&/#,"&K-2G&J"1:"/23%&#3-C)";&,(3")(-;,

&

hX;'Vh9[V$.-E62'a"($'(0$E">-#$Q*"E$C$?$I*"3#



Sharp 1/27/11

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

hX;9[V$&-3D$*'(0"E$aE-(;$.D-M.$-($'FF#2#*'a"($>"23';#$K62.#.

$(32#C"&h-q"1

H=1&
1.A'1,%
;'/"!

,-E2G@&3#.3$.#(.-a>-31$3"$*'(0"E$aE-(;$
#**"*$-($'FF#2#*'a"($&'>#Q"*E.



Sharp 1/27/11

!(K&;(&%(+&;"$"3(J&#&4I_v8''&JG%,-/,&;",-C)O

hX;9[V$&-3D$*'(0"E$"R.#3.$3"$B"3D$#(0.$"Q$#'FD$."2#("-0

,(3")(-;&#3-C)9")2

E9[=AA
1.A'1,%

A'&,%':1A"1+

,"$")2G@&3#.3$.#(.-a>-31$3"$*'(0"E$
."2#("-0$E-.'2-;(E#(3.



Sharp 1/27/11

J3(2,&,G(K&7"#9&;"J(,-5()&:(1&2G1""&"),"973",&(:&,(3")(-;&(r,"2,
9#E-9+9&(r,"2&:(1&"#/G&/#,"&-,&WLa&99

1";&/-1/3",&-)/3+;"&G#3:&(:&;"J(,-2";&")"1C%

,9#33"1&/-1/3",&-);-/#2"&G(2&,J(2,

M#1J&1+),&-33+,21#2"&"r"/2,&(:&,(3")(-;&#3-C)9")2&"11(1,
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Sharp 1/27/11
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Sharp 1/27/11
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Sharp 1/27/11

!"#$%&'()&*+,-()&./-")/"&0-12+#3&4#5()#3&6#7(1#2(1%

P+23-)"

9(5$#5()

#&:+,-()&J1-9"1

",,")5#3,&(:&G"#$%8-()&:+,-()

J#,2&#);&J1",")2&!'*&1","#1/G

:+2+1"&1","#1/G&;-1"/5(),



Sharp 1/27/11
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Sharp 1/27/11
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Sharp 1/27/11
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Sharp 1/27/11
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Sharp 1/27/11
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